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AESIBACI . . 

Learning is net a siaple unitary process. This paper 
identifies three qualitatively different phases of the learning 
process. In one. phase, the learner acquires facts and'^inf oraation , 
accumulating oore structures onto the already existing knowledge 
structures. This phase of learning is adequate oi^ly when the jaaterial 
being learned is part of a previously understood . topic : the 
appropriate neaory schemata already exist. In a second phase, the 
learner must devise new aeaory structures to interpret the i^terial 
that is to be acquired. This is.the most difficult and the most 
significant fern of learning, for it marks the acquisition, of truly 
new conceptualizations about a topic matter. The. third phase of 
learning involves a continual process of modif ic4ticn : -both 
constraining and generalizing the knowledg^e vithin the schemat^a of 
memory. This stage of learning does not increase thji. formal content 
of one*s kncv|Ledge, but it makes the use of the knowledge more 
efficient. Thus, although a beginner and, an expert might both perform 
a task with perfect accuracy, there is a marked qualitative 
difference between the perfcrnance of the two. Three different 
mechanisms that seem to be responsible for the dif J^exent phases of 
the learning of complex topic matters — accretion, restructuring, and 
tuning are proposed. (Author) 
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David E. Ru^nelhart 
and 

Donald A. Norriian 
University of California, San Diego 



It is somehow strange that througljout *the recent work on semantic memory, 
the st-udy of learning has been slighted. The term "learning" has fallen 
into disuse, replaced by vague references to "ac^quisition of information 
in memory." It is easy to fall into the trap of believing that the learning 
of some topic is no more than the acquisition of the appropriate set of 
statement s about the topic by the me mcr(' system. According to this simple 
view of things, to have learned sometn ng well is to be able^o retrieve 
it from) memory .at an appropriate time. We believe this view is much too 
simple. Learning can be more than the simple acquisition of statements. 
We believe it is time to examine learning again, to evaluate just what 
does happen when people acquire the information about a topic and use , it 

a 

appropriately, 

, The study of learning differs from the study of memory in its emphasis, 

not necessari ly in content . Learning and ^j^emory are intimately intertwined , 

and it Is not possible to understand one without unders f^d ing the other. 

But the difference in emphasis iscritical. There are nfeny different ^kinds 

of learning and the characterizat i on of the lea rn ing p r ofe^e s s mo st likely 

ft 

varies according to the type of learning that is taCing plaAe. -^Some forms 
of learning--especially the learning of relatively simple information-- 
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can probably be characterized correctly as a simple accumulation of new 
information into memory.*" However, especially when we deal with the learning - 
of complex topics where the learning experience takes periods of time measur- 
ed in months or even years, learning >is much' more that the successfu-1 storage 
of increasing amounts of information. 

Complex learning appears to have an emergent quality. This learning 
seems to involve a modification of .the organizational structures of memory 
as well as the accumulation of facts-;about the topic under study. At times 
this modification of the organizational structure seems to be accompanied 
by a "clibk of , comprehension," a reasonably strong_f ee'ling of insight or 
understanding of a topii that makes a large body of previously acquired 
(but ill structured) information fit into place". Thus, the study of the 
learning of complex topics is related to the study of the understanding of 
complex topics. ■ . 

Th-is paper does not satisfy our desire for increased knowledge about 
the process of learning^ Instead we simply hope to whet the" appetite of 
our audience (and of ourselves). We present an analysis of learning and 
memory, attempting to examine some possible'' conceptualizations' of the • 
learning process, hoping thereby to guide the research of future years. 
We ourselves are just beginning the. study of learning, and the start has 
proven frusti^atingly elusive. Indeed, it is the very elusiveness thathas 
given rise to this paper. We now realize that simple characterizations' " 
of the learning process will not do. In thi* pap^rj^e attempt a coherent 
account of the process of learning within our conceptualizations of a 
theory of long-term. memory--the theory we have called active structural 

\ " v' ~ ■■ 

ne^^oT^^^ (cf. Norman, Rumelhart apd LNR, 1975). Our^oal is to indicate - 

/ 



how different forms- of ] earning might be integrated into one conceptualization 
of the j^v.strems that acquire, interpret and use information. This paper onlv 
sots the stage for development of theories and observations about learning*. 
Hopefully, the stage is new, with useful characterizations that can be used 
to guide future developments, both of ourselves and of others. 

Learning and the Acquisition of Knowledge ^ ' ^. 

■ " . . » '"^ 

Accretion; Restructuring and Tuning . 

p ' , ' 

It is possible to learn through the gradual accretion of infor^tion, 
-through the fine tuning of conceptualizations we already possess or ^^l^ough 
the restructuring of existing knowledge. We find it useful to distinguish 
between these three qualitatively different jnodes .of learning. Although 
we ar^ not ready to propose a fdrmal, rigid classification of learning, 
let us informally talk as if we could indeed classify learning into these' 
three categories: accretion, tuning and restructuring . 

Learning through accretion is th^ normal k,ind of fact learning, daily, 
accumulation of information in which most of us engage. The acqiiisi ti on of 
memories of the day's events normally involves merely the accumulation of 
iniorqjation in memory. Your knowledge base is merely Inc remented by a new s€T 
oi facts. Accretion, is the normal learning that has been most studied by 



the psychologist. The learning of lists, dates, names "bf presidents^ tele- 
\5hpne n^imbers, and related things are examples of learning through accretion 
Such learning presumably occurs through appropriate expc^sure to the' /concept s 
to be acquired, with the normal stages of information processing^^^i^\a>ns form- 
ing the information being acquired into some appropriate me;irory representatu 
which then is ^dded to th« person's data base of knowlefi(gi. In this*5ase 
there are no structural changes in the information prytes'sing system itself. 
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. - . >• ( 

>Learnin^ through tuning is a substantially more 'significant kind of. 
learning. Thrs involves actual changes to the very categories we use for 
interpreting new information.. Thus, tuning involves more than merely an 
addition to our data base. Upon having developed" a set< of categories "of 
interpretation (as you will see below, we call these schemata) these categories 
presumably .undergo continual tuning or minor modification to bring them 
more m congruence with the functional demands placed on these-categQries. 
Thus,, for example, when we first learn to type we develop a set of response 
routines to carry out; the ta^k. As we become, an increasingly better typist, ^ 
these response routines become tuned to the !task and we come to be able to 
perform it more ea.sily and effectively. Presumably and" analogous pheno^non 
IS going VDn as a young child learns that not all aniBTals are ' "doggies . " 
Slowly his "doggie'* schema becomes modified into ^onfijuence- wi th the actual ' 
demands on his interpretation system. ' 

Learning through restructuring is d yet more significant, (and difficult) ^ 
process. Res t riTc tur ing accurs when ne|||||||f:: rue ture s a r e dev i sed for interpreting 
new information and imposing a new organization 'on that already stored. 
T?iesc new structures then ,al low' for new;,4nterpretat ions of the knowledge, 
f'or different accessibility to that knowl^ge (usuaTly improved acces sibi 1 i ty) , ' 
and for changes ii the ^ in^^pretation and there forej?the acquisition of new 
knowledge. ( 

Restructuring often talfes place only after cpnsiderabl/" time and effort. 
It probably requires some critical roa^of information to^Jiave been accuihulat- 
ed first: in part, if is the unwieldiness and i 1 1 - formed nes s of this accumulat- 
ed knowledge) that^gives' Tise, to the nee'd for restructuring. ' \ 

We are impressed witli the fact that real learning t^kes place over periods 
of years, -not hours. A good <ieal of this' time can \je accounted for by the 

" , 7 ' • ' 



slow ac>^e\: ion of knowledge. There i_s an extensive amount o^ information 
that must be acquired and elaborate interconnections must be ' established 

, • ' ■ ■ r ' ■ ■ 

among all the* in format ion , fi 1 1 ing it in t o the genera 1 web o f knowl ecJge- 



being developed within the memory system af the learner (s^^orijian, in 
press). But a good ^4^1, of time must al so ,be ^ spent in the development of 
-the appropriate memory organizations, for the' evolution of existing memory 
structuT'es (tuning) and the creation of new 'ones (restructuring).^ This learn- 
ing requiros^ew structures.. Indeed, often the point .of the learning is ' 
the formation 'Of the new structures, not the accumulation of knowledge. 
Once^the appropriate structures ej^t , the learner ca^i be said "^to ^"understand" 
the material, and that is often a -satisfactory end poiftt of the J.-earhing ' 
process. The accretion of in foVmat ion ' would appear tcJ^ be a necessary pre- ^ 
requisite for restructuring; there must be a backlog of experiejic^s and 

memories on which to base the new 5tructur,es. 

C 

Note the long hours of study that seem -to accompany the-l*earning of 
many tasks. In int el lec tual domains, we expec t 'students of scholastic topics 
to sp-end years of study, frcji undergraduate instruction, through .gradua te 
school, and then afterwards, either througj:i pagtdoctoral students^or 
"budding y,oung scholars," acquiring the knowledge and understandingof the 
field. The acquisition of int e 1 1 ec tual knowledge^^probab ly cont i/iues through- 
out' the lifetime of a scholar of that field. 

In skill leaWimg, similar time periods are found. To our 'n&nd , the 
■ 4 • * ^' 

classic result in the literature is Grossman's (1959) study ofActgar makers' 

■ I ^ ^ ■ . 

whose performance continues to improve for ab least ten years, with each 

cigar maker producing some 20 million cigars in that duration. Reaction 

time tasks in the laboratot*^ have been carried out to at least 75,000 trials, 

again with continual improvement (Seibel^ L963). - Similar figi^res can be 



i * * * 

produced for the learning of skills such as lan^uagp, psychology, rhess, 
and sports. People who Sre^engagpd in the serious task'of learning a topic,, 
v^ether it ^ an inte^l lec tua 1 .one or a motor- skill (the difference is less 
than on^ mighty suspect) 'appear to show- con t inu"a 1 improvement^ even after 
years of study. As Fitts put .it," "Ta^ fact tKat perforn)ance ever levels 
off all ippears to be due^as' much to the effects of phys'iolog^^cal aging ' 
► and/pr-^loss of niotivation as to the reaching, of 'a, trufe asymptote or limit 
in capacity for further improvement.'* (Fi«s, 1964," p. 268-f. ^ ' 

Learning, then," has sevei;a^l dijf^rent q^onents. , In/this paper, we 
concentrate primarily upon' the qualitative differences amoiig accretion of^ 

C^edge, restructuring x>f memory and tuning ^f existing* knowledge structures 
over^ our discussion will be primarily concerned with the latter tiW 



modes- of - learning. The first, restructuring involves the creation of 
ent irely ne^ memory stri^xTtuVes, * while the second, tuning invTD;.ves the 
evolution of old memory ^tructiHJ^s int :Each of^ these processes-d- 

evolution and 'cryeation--ca'n(itself bep-'perfor^^ number of different 

ways, each way being ifelevant to a^diiJ^erent ^spect of the learning, process ; 
But, l^ore we can- di^cu^ th\ details of the learning proc6sjs ,' we need to 
discuss our views of the structure of memory,and, ia particular^ the organized 
memory units: memory schemata . ^ 




Memory Schemata 



General Schemata and Parjtrcular Inrtnances ^ * ■ , 

Memory contain^ a record of our -^experiences . Some of the information 
is particular to -the situation that it represents. Other inf ormat ion ^i s 
^eneraj^, representing abstraction of the knowledge of particular 



more 
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situations to ja-' class of situatijlns . The memory of eating dinner yesterday 
represents particular infortftation. Knowledge Vhat people eat meals from 
pla.t£s (using knive's, farks ,and spoons), represents general information 
chat applies to a large class^f situations. . 

A psychological theory of memory must be capable of repi<esent ing both 
general "and particular information. We believe that general information 
I is best represented trhrough organized information units -t;hat we cal^ 

\- \ / 

^schemata. To us, a schema is the primary meaning and pr oces^sinf runi t of ^ 
the human information processitig system. tie view schemata as active, 
interrelated knowledge structures , actively engaged ^n the coraprehensi.rn 
•ot arriving- information, guiding the executi^ of processing operations. 
In general-, a schema consists of a* network of interrelations among its 
constituent par^, which themselves are other schemata. 

^^enerX cbncepts ^re represented by schemata. These schemata contain 
variables: references to general classes of concepts that can actually be 
substituted for the variables in determining the implications of the schema 
for any-particular situation. Particular information is encoded with^ff the 
memory system when fonstants^-specif ic values or specific concepts--are sub- 
stituted foT the variables' of a general schema. A representation for a 
particularizattqn or an instantiation of the general schema for that event^ 
type: In- some sense, one could consider schemata tro represent prototypes' J 
o f concepts . , ^ ' , 

A General Schema . ^ , ^ « - 

A schema can '^tep^resent an enti re 'situation , *sho»?lng the intercela.t ionsh ip 
among component . event s or s i tua t ions (or subschema ta) . thus, we might have a 
schema for a concept such farmipg that would contain the fol lowing in forma t 



A tfartial schema for farming 




. A plot of^^land i^s u^^-. for the raising- of agricultural crops 
or animals. ' ^ • > 

S^54;,person cultivates the soH.1^ .produces the crops, and raises 
a n i ma 1 s . y • 

Typically farms raise some, crops and^have a few animals, 

-' 

, including cows^ hors-es, chickens^ and pi^s. 

- • ^ • ^ 

Usually tractors and automated machinery .are used to work 

. the fields, and specialized buildings are used to house .the 

products and animals. , , 

...,.'(etc.) 

Once we have some general schema for farming, we could use ic in a variety 
of ways.. The general schema for farming caot|be viewed from several , d j. fferent 
perspectives. In st? doing, we learn tha^^ ^ • ' * ^ ' 

The land is called -a farm. , • ^ ' . 

A farmer is the person who cultivates the^l^nd or'raises the animals,;^ 

7 ' \ ' 

•Livestjock are animals.kept on a farm for use or pt'ofit. 

Farmijig^s the act ofpultivating th^ s"oil,- pr^ucing crops and 
raising) animals. ^ ^ ; . 

Agriculture is tVv&^^science and art of farming. ^ 
Thjfe barn- is the building for housiiVg farm aniEnals. 
Variables • ^ . 

Tl]^ general schema for farming conta'ins variable terms which can be 
further specified whenever the schema is used. Thus, the general ^schema 
ha^s the following variabl^e terms: . 



1 1 



crops or animals «, / 

some person 

machinery ^ 

ro^c-ts * < ' . 

specialized buildings. " _ ' • 

The particular values that get substituted for these terms depend upon the 
purpose for. which" the schema* is being ifsed,. On different oc<:'asions different 
substitutions will/be made. If we learned that the Stewards have a carrot 

- % ■ 

farm, then we substitute our concept for the Stewa|d^as the g^oup.tha-t 
^play the.roje of farmers in the schema; and carTbts fd^ the crops' an<!^^'~ 
"products. We/have substituted constants for t1hese'\ariables ; however 

f / ■ f' f ' ■ 

•some varj^b.les-'such as land machinery , and buildings are stAl unspecified 

• -f ■ /■ - 

Our general knowledge of carrots. will tell us something o{^ the size ofTthe 
farm and the kinds of machinery likely to be involved. Our schema for the 
growing of plants yi^ll tell us, that water and • fertilizer are required. Our 
general schema, for farming still has some free variables, but these are not 
Without some constraints: we expect, that there will be some animals, probably 
cows, chickens, hdrses and pigs, ^ , ' 

Cons.traints and' Defaults • ^ • ' 



7 



The different variables in a schema are often constrained: -we do not 



expect to find all possible plants or animals on a farm. Tj^gers, eels, and 



0 



poi'^son ivy are animals and plant s , but not wi thin the normal range of possible 
crops or livestock. Many -of the variables in schemata have default' values'^ 
associated 'with them, ThSse are particular values for the ^variables that 
we can expect tXapply unless we are told otherwise. Thus^ we ^ijght expect/- 
cows, pigs, horses, and chickens to be on a farm, and if nothing is sa^we 



^a .sume their presence. S im i 1 ar 1 y , we use the schema foY commercial transaction , 
t^^r interpreting ar^ occasion in which. sbme person A has purchased item 0 
trom ^^n\e other persqn B,.we^assume that money was transferred from A to B. 
Wo could be wrong . Morfey m<3y not'have been involved. Or » in the previou<= 
example, -ar^y pa r t i cu 1 at farm may not have those animals. Nevertheless, 
• the are th^ defaul t va lues for our general under s tand in p of the situations 
in que s t i on . ' ' ' „ 

Variables (and their constraints) serve two important functions: * 

(1) They specify what the range of objects is that ^can fill ^ 
the position^, of the various variables. 

(2) When specific in forma t i on about the variables is not 
available, it is possible to make good guesses about the 
possible values. 

Hie values for the variables for a schema are interrelated with one another. 

If a farm r^aises cattle, we expect a different size for the f a rm and d 1 f f e rent 
Tiachinerv and products than if the farm ra i ses vhea t , peanuts, or carrots. 
We -^oild expect the buildings tn look different. Similarly, vf someone 
-tirvhnsed an automobile we expect a different amount of money t o be in vo 1 ved 

)i) the pure ha "^e nf a pencil. * 
S I Jj^i ' r nat i and (Comprehension 

Wo view a schema as a general model of a situation. A schema specifies 
the i p t e r- re la t ionsh ips that are believed to exist among the concepts and 
t'vent that c«^mpri ;e a ituati >n. The act of comprehension can be understood 
a- the -olectiMi if appropriate configuration of schemata to account for the 
^iftiiti^n. n I means that there will be some in i t i a I ^se 1 ec t ion of schemata 

\ 

and verifi. iti ^n or rejection the choices. A major porti ^n oi the 
proct"-sir^ ffrv:>rt iDVolved in c >^mprehens i v>n is directed towards tif^torminint: 

13 
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the appropriate schemata for reprpenting the situation. Once an appropriate 
configuration of schemata have beiJr> found, the constants of the situation 
have to be associated with (bound to) th^ variables of the schema. The 
schema that is selected will determine the interpretation of the situation 
and will direct processing attention to selected aspects of the situation. 
Different schemata will thereby, yield different interpretations of the 
same situation, and different features of a situation will take on more 
or less importance as a function of that interpretation, 

like a theory, schemata will vary in adequacy with which they account^ 
fur any given situation. Schemata will both a'bcount for existing^ inputs 
and predict the values of others. If the account for the early observations 
i suf f ic iently good (and no other candidates emerge in subsequent processing) 
the schenna will be accepted, even though there might be no evider^q for 
of its predictions, Iliese predictions, then, constitute infer^ences 
.ihoiit the situation that are made in the process of comprehension. * 

UOien a schema is 'Sufficiently poor at describing the situation, a new 
^ciM-nui must be sought. If 'no single adequate schema can be found, the 
^^.it sition can be understoofl only in terms of a set of disconnected sub- 
: t'lar I >ns--each int erpreted ^^Ln* terms of, a separate schema. 
Schemata are Active Data StrtictL>yes 

Although i- not the place to-g<T^into the details, we believe that 

the selection and o t 'schemata i ; controlled by the schemata thems%]ve<. 

^'j^'^^t''^ * '^chenat i as active processing units, each schema having the 
pr^Le-'.in;\ Ccipahility t examine whatever new data are being processed hv ' 
the p^^rcrpfial v. tern:, nrui t( recop^nize data that mi^-ht bo relevant t then- 
selvf^. Sih'-m.ita activnrr themselve^^ whenever thev are ap r r .^p r in e to an 
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ongoing analysis, and they are capable of guiding the organization of the 

(lata according to the i r^truc tures . Schemata then can control and direct 

the comprehension process it5?elf. We further suppose that the output of 

a !sct\emn (evidence ^at the concept represented by the schema is in the. input) 

'^can then be introduced into the data pile for usJP^by other schemata. 

Perhaps the best way to view this to think of all the data being 

written on a blackboarc|, with the schemata examining the blackboo-ard for 

c^ata relevant to themselve^j. When a schema sees some^ing, it r.temp t ^ to 

integrate the data into its organizational structure, and' then puts new 

information onto the blackboard. Other schemata may react to-these new 

data. Tlius, schemata are data driven in the sense that they respond to 

the existence of relevant data. Schemata perform conceptually driven * 
* i 

guidance Xo the progressing by using their internal cone ep t ua 1 iza t ions to 
add new dara to the blackboard, thereby guiding the processing of other 

rhemata Thu each schema is data-driven and provides conceptua 11 v-gui deJ 
gijidinte to )th«rs. Fur thcr detai 1 s o^thi s s vstcm can be found in a number 
-our' e the blackboard analogy comes from the work of Reddy (see Keddy 
!^ Nrve^^J, 19/-*>; active demons arc familiar concepts in modern computing 
^vt-m*;, from the demons of Sel fridge and Neisser (1960), to the actors of 

H^wi^t, fUshop and'Steiger <r^73> to the product ion systems of Newell (1^73); 

f' 

df^. r ipt lon^ of ihose concept relevant to this discussion are to be found 
in s ^me o: mr work^, in particuilnr Norrrum and Bobrow (l'^76) and Rumelhart 




Learning 
The Accretion of Knowledge 

One basic mode of .learning is simply the accumulation of new information. 
We analyze the sensory events of our current experience*, match them with 
some appropriate set of schemata, form- a representation for the experience, 
and tuck the newly created merfbry structures away in long-term memory.. 
The newly created data structures are instantiations of the previously 
exi.sting ones: chapged only in that the representations for particular 
ajvpects of the current situation have been substituted for the variables ' . . 
of the general schema. 

This is learniipg by accretion: learning by add ing new data structures 
to thc«xisting data base oJj5?iemory , fol lowing the organi zat ion air Ady present . 
Learning by-accretion is thAiatural side effect of the comprehension process. 
In it, we store^'^stJi^febfterp of the actual experience. If later we 

retrieve the stored information, we ufee the instan^ated schemata to 
reconstruct the original eX^rience, thereby "remembering" that experience. 
The schemata guide reconstruction in much the same way that they guide 
ot^i^lnal comprehension. 

Accretion, and later retrieval through reconstruction, is the normal 
\^xoQ^9.9> of learning. It is the sort of learning that has traditionaUv 
been sciidied h|y psycholog i s t .s>/and it is most appropriate to the current 
developments in the study of memory. Learning through the accumulation of 
new memories al lows the data base of information to be built up. It allows 
fi>r the acquisition ot the large an^bunt of specific knowledge that humans 
acquire about topics in 4iich they are specialists and ibout the operation 
oi the world in general. Learning by accretion assumes that the schemata 

f 

1 () ' 
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required in the interpretation oC new input already exist. ^Whenever this 

V ' r 

r!ii not the case, the sheer accretion of knowledge is not effective; Chere 
must be a modification of the set^of available schemata. This can be brougki: 

" ' . ; . ^ • \.. 

about either, by the evolution of existing schemata (tuning) or the creation \ 

of new ones (restructuring). Learning, by tuning and byj^V^ruc.turing probably 

f 

occur much less frequently than does- learning by. accretion.^ ^ut withdur 



these other learning processes, new Concepts dCannot be formed. 

• . • T ' ./ ' p 

Learnihg by Restructuring \ ' ^ 

When existing memory structures are not ^^quate to account for new 
knowledge, then new structures are tequired, either by Meeting new schemata 
specifically designed for* the tlroubleSome information or by modifying (tuning) 
'old ones . <» ' 

Both the creation and funing of schemata go hand in hand in the learriirij^ * 
process. Thus, in learning a skill such as typing, new schemata for the ^ 
appropriate actions must be developed. But once the basic motor schemata 
have been developed, then further increases in 'proficiency wouTd come about 
through the tuning of the existing schemata. Similarly, in the learning 
of some complex topic matter, probably the first step jwould be the accretion 
>f a reasonable body of knowledge about the topic, fo/lowed by the creation * 
of new schemata to organize that knowledge appropriately. Then, continued 
U^rning would consist of further tuning of those schemata (as well as continued 
accretion of knowledge and possibly creation o/ other new schemata , wh ich would 
in turn then have to be tuned). 

If the only learning processes were memory accretion and tuning, one 
could never increase the number of conceptual categories over those in i t ial 1 y 
given. rhiis, it i essential that new -chemata be created. Logically, 
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there art" two ways 4n which new schemata could be formed. First, a new 

sthema could t)e pa t tcrned on an old one, consisting of a copy-wwith mod i f icat ionV. 

We call this process patterned gene j ^^tion of schemata. Secy^nd new 

schemata could be induced from regularities in the tempora 1 and/ or spatial 

configurations of old ^ichemata.' We call this process schema induction . 

It is a kind of contiguity learr\^irig. 

Pattrcmed generation of schemata is doubtless the source of a good 

3 ' 
deal of ordinary concept formation. Perhaps the simplest form of 

patterned generation occurs through^ t±e use of analogies'. Thus, even if 

we never had direct expedience with' a rhombus , we could develop a schema 

V . * 

or one by being instructed that a rhombus has the same relationship to 
a square that a parallel'^ram has to a rectangle. The rljombus schema 
ij^can bo created by patterning it on the square schema, mgdj.fying it in 
just the way the parallelogram schema differs from the rectangle schema. 
Note that this is creat ion of a new scheijia by generalizing an old one. 
: iol i 



Tlie modification involves replacing a constant term of the square schema 
(the right angl es ^ the corner) with variables Co produc^e a new, more general 
.^?chema. Patterned schema generation can'also occur through modifying old 
schemata, replacing some of the variable components of a schema with constants, 
Huis. for example, we might very well form the concept of a "cocker spaniel" 
hv modifying the schema for "dog." In this case we would pattern the ' 
' K kt-r spaniel schema on ^^h c dog schema,, but with certa in -variables much 
more tlk;}itl^ specified. 
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S ciicmn Induct ion is a form ot\ learning by. contiguity. If certain 

c()nfl^;u rat ions of sclicmata tcMid to c o-occur ei ther spa t ial 1 y or tempora 1 1 y , 

a new schema can be created, formed from the co-oc^rring configuration. 

Learning of this kind is probably the least frequent tito/e of learning 

/or equivalently the most difficult). Yet, it is an important procedure * 

for learning. The difficulty with induction is in the discovery of the 

regularities. We suspect that most schema creation occutfe through patterned 

gfineration. Experienced teachers ffnd that analo§ies,i^etapHors, and models' 

arje effective teaching devices.^ We do not 6f ten (ever) see temporal contiguity 

as an effective teaching tool in ' th'e classroom ^ in the jajcquisition 

of most complex topics. Temporal contiguity is the fundamental^%rinc iple 
\ . ■ /-^ 

ot most theories of learning, but it seems to have amazingly little direct 

appl icat ion in 'the learning of complex material. Asfaraswe can determine , 

most qijmplex concepts are learned because the instructor either explicitly 

*■ * 
introduces an- appropriate analogy, metaphor or model , or because the learner 

happens across one. .We believe that most learning through the creation of 

new schemata takes place through patterned generation, not through schema 

induction. ^ 

Schema Tuning 

Existing schemata can often serve as the base for the development of 
new ones by minor changes: by "fine t!uning" of their structure. W^call 
this process tuning . We restrict the use of the term '^tuning" to those 
cases where basic relational structure of the s^h-:^ma remains unchanged, 

and only .fhe constant and variable terms referred to by the schema are 

-J . 

modified. These terms can be changed i4P^four ways: I 
1. Improving the accuracy: The constraints of the variable 

1 i) 
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1. Improving the accuracy : The constraints of the variable terms 



*ot the schema can -be ^improved to specify the concep t$ ^that fi^ the' ^ 
variables with more accuracy, - ^ : / 



2. . General iz ingv the applicability : Thp range of a given variable ' ' 
can be generalized to extend its range of applicability. Either 

the constraints on a variable can be relaxed, op a constant term 

L ^ y • . ■ 

can be replaced with an appropriately constrained^variable tVm. 

3. Specializing the applicability : The range of a gtven variable 
can be constrained by.adding to the constraints of ifcie variaj) 
in the extreme, by, jifiefi/t^v^ly. ref^ the varial 
constant term 



constant cerm. , ''^ >r ■ • 




Determining^ fife VftlJ^s : The values of the variable 

that normally ap^Tl.^^^an be discov^'ijed ancl added to the specification 
of. the schema.. Whenever a partict^r variable is not specified, 
. th^ cjefaul t value^^/provide intelligent guesses tha t can be used in 
making inferences and guiding further processing. 

\hy adjustment of variable constraints nrust be an important mechanism 
of learning. We must learn over what ranges variables vary; we must 
loarn how the various variables co-vary. .Our processing increases in 
etficiency if a s cinema specification is accurate, not wasting time 
attempting to fit it to improper situations. Moreover, our 
understanding of a situation is more complete if we account ^or it by 
a more, rather than less specific ^chema . With more experience we can 
cJotermine the typical values for the terms, providing in forma t ion abou t 
default value? to be*' used in the absence of further spcc*if ication. The 
litterature of language acquisition provides good illustrations of the role 
of variable adjustment. Let us look briefly at them. 

20 
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Turning to improve accuracy . Ilio child mu^t learn the range of conditions » 
overvwtiich particular syntactic rules are applicable. Consider the child 
who can count and who realizes the adjective meaning of the i-th -Element 
of a sequence can be formed by adding the suffix th to a nuiflber. The 
child will correctly generate such wor'ds a5 fourth , sixth ,, seventh etc/*. ^ 
' The chil4 will, however^ also generate words like oneth, twoth, thredth, 
^ fiveth etc. We' child has too broad a jrule: the*rule i? over regularized. 

The ch'ild must tune the general rule so that it has the correct constraints 

• ^ - . ^ 

on its applicability. The process whereby the restrictions are learned 

involves adjusting the variables of the schema to permit. its invocation 
only for the -appropriate conditions. The schema must^ be tun'ed to^ improve 
its accuracy of application. ,** ^ 

Tuning to generalize the applicability . Bowerman (in pYess) reports that 
young children u^e action words fiir'st only about themselves, then later 
generalize them toother people and animals, and finally use them for 
inanim^ate objects as V^U. This would appear to be a case where the 
IPhema must be tuned . by/ loosening the variable constraints to make it 
more generaTly applicable. 

Gerieralization of schemata occurs when an existing schema is modified 
so as to apply to a wider range. Ope example is when the meaning^of a 
term is extended to cover other cases. This process, called n)etaphorical 
extension by Centner (1975) was illustrated by her use of the word "have" 
in the following examples; 

(1) Sam has a lar§e kettle. , ^ 

(2) Sam has a nice apartment. 

(3) The kettle has an enamel coating. 

- (4) Sam ha s good times. . • 
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P|4;>ujn»bly the verb "have" gets a ^^^mary meaning of something like "own." 
By .extends ion, aspects of the owning relationship become Inessential to the 
application of the concept of "having." Origihally "have" would seem to 
require the owner to be^one^with complete control over the object in question 

As the usage ^ets extended, the requirement of having complete control is 
loosenea Vntil finally, by sentence <4) it appears to' require only, that the 

object, (n quest,ipn be strongly "asspc ia ted in .some way, .with the subject. 

Although it- is much more commdn in language acquisition to find cases ^ 
■ of children overgenerdl iz ing a Qoncept, kfch then must be restricted in its" 

range^of application, there ar/ cases reported in which children first 

i ' y 

over-restrict the application of a term and then must generalize its use to- 
the entire conceptual category. Thus, Dale (1976) reports a case in which 
.1 child first applied the word "muffin" to only blueberries and blueberry 
muffirts, but not to other muffins. The "process^whefeyy the wora comes to ' 
be extended to other muffins involves genebal/zation'of schemata. 

In general, reasoning by analogy would seem to involve the generalization 
of a .schema.- In this case, one^ schema that is applicable in one domain 

\ 

i e.xtended to a new domain by modifying one or More of its elements, but 
ni . MiLaining the bulk of its internal structure. Thus, far example, when. 
wv consider fog ^creeping on little cat's"\aws^ the "creep'' schema must 



sorTKhow be extencpd to fog. Although thi's extension probably doesn't 
involve much IcariVing, it follows the same princ iples' tha t we have in mind/ 
Tuning t o specialize applicability . . A common occurrence in the chilli's 
acquisition of language is to overgeneral izesthe words, to use one word 
for a much larger set of circumstances than is appropriate. Thus, a child 
may call all small anii^^s "doggie," or all humans "mamma/* Clark (1973) 

22 



summarizes much of the literature on this phenomenon,. Overgeneral izat ion 
probably occurs because the child has selected too 'f^Afeatures to identify 
the concept, so many things W'ill satisfy the definition. - The cHild must 
^ ^v^.p,ecialize its understanding of^the schema by either restricting the' range 
of the variable terms or by adding some more terms that must ha followed 
before the schema is acceptable. Specialization by the first method fits 
our notion of tuning. Specialization by the second actually would beya 
form of patterned generation of schemata: forming a new schema based upon 
the old, but modified by adding a few more terms ~ ^ 

Children may lea^n to use the term "ball" to apply to all small objeeis 
They must learn to restrict th^e class of objects to Which the term applies. 
Similar e^mples have b6en reported with the use of ^Jational terms like 
•'■*';|more-less," "long-short," "big-wee," et'^. , (cf. Donal^Ton & Wales, 1970). 
Cl^ildren first learn to apply either term when the appropriate dimension 
is in question and ^then learn .to restrict the application of the concepts 
to the appropriate direction on the dimens4:on. Again, additional structure 
is inserted into the relevadft- schemata . 

A similar process may very well be involved in becoming skillful at 
n motor task. At first when we learn to carry out a c'omplex motor task 
is broad variation in the movements used to accomplish the task 
but with experience in the situjk^ion the variability of the movements 
is reduced. Consider, as an example, learning to juggle. At first we 
• have great difficulty. We often toss the ball too high or too low. Our 
catching hand has to reach for the balls as they fall. With practice, our 
throws become increasingly precise. We come to be ab)e to anticipate i 
where the ball will fall with increasing accuracy. It would thus seem 
that at the early stages of learning to juggle the appropriate schemata 
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are only loosely interrelated--any of a va^riety of components may be cpnfigj 
together. With practice new constraints are added to our juggle schema and • 
it becomes an increasingly^ precise, well tuned schema (see Norman, 1976). 

Learning is not a Unitary Proce^ss\ ^ \ 
One .major point of this paper is that learning is nqt a unitary process 
nt> single mental activity corresponding to learning exists. Learning takes 
place whenever people modify their knowledge base, and rio single th^retical 

descripttor^ will account for the multitude of ways by which leat^ing might 

* / 

occur. Indeed, we do not believe that we h^ve necessarily described all 

"■■ ^ • 

the varieties of learningvin this short classification. But we have attempted 
to demonstrate a reasonable variety of the classes of learning that might 
iccur, with a description of the mechanises 4hat might be responsible for 



them. The classification is summarized' in Fignre"Tr; 

V 



Insert Figure 1 here 

n 

It is interesting to note that the different kinds of learning occur in\^ 
complementary circumstances. Memory accreti<^ is most efficiently done when 
the incoming information is consistent with the schemata currently available. 
In this case thtf' information, will be easily assimilated. The. more discrepant 
the arriving inkormation from that described by the available schemata the 
greater the necessity fc^change. If the information is only mildly discrepant 
tuning of the schemata may be sufficient. If the material is more discrepant, 
schema creation is probably required, df course, in order for restructuring 
to occur, there must be recognition of the discrepancy. But Khen mismatched 
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matching the ney information with 
{he ^previously available schemata. 

^ r 

Adding to the data base of know, 
ledge, ljut according to the 
principles -contained within 
existing schemata. 
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When new infoia*tion does not 

Vit currently available schemata, 

.* " f ' ■ 

oi when the organization of ■ 

I 

existing diXa" structures is hot 
satisfactory; existing schemata 
must be restructured. 



pchema creation ' 




patterned generation •* 
building new schemata based 
'upon the patterns , of ^he old 

induction 
building new schemata by 
combining recurring patterns 
of old. 
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schema. 
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unmg 



adjusting the t^m to: 
Improve accuracy 
improve ^neralizabilit' 
'improve;specificity' 
determine default value?* 



A classification of the mechanisms by which learnintjight occur. 
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by. the available schemata the learner may so misinterpret (misunderstand) > 
the material, that the discrepancies might not even be noted. The need for 
restructuring might only be noted with mild discrepancies, when the misfit 
is glaring. 

This discussion has concentrated on descriptions of the changes that 
take place to the memory schemata during learning. We have not discussed 
the mechanisms that might ^p^rate to C3US6 these chsnges. The tnechsnisnis 



for accxetion are reasonably well developed: this the process most frequently 



m^foi 



studied, most capable of being described by most theories of m«R)ry. We ^ 
suspect that schema tuning is also a relatively straightforward operation, 
one that might not require much different mechanisms than already exist in 
theories of memory. But the restructuring of memory through the creation 
of new schemata is quite a different story.- Here we know little of the 
process whereby this might take place. Moreover, we suspect that tile occasions 
of schema creation are not frequent. Reorganization of the memory system is 
not something that should be accomplished lightly. The new structure that 
should be formed is not easy^-ta determine : the entire literature on ins ight f ul** 
learning and problem solving, on creativity, on discovery learning, etc., can 
probably be* con .^idered to be studies of how new schemata get created. W€ do • 
not believe that the human memory system simply reorganizes itself whenever 
new patterns are discovered: the discovery of patterns, the matching of 
analogous schemata to the current situation must probably require considerable 
analysis. This is the area that we believe requires the most study in the 
future. 
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This formulation leaves open the question of whether particular 
representations result from general schemata, or general schemata fro.T particular 
ones. It is possible that our early experiences with some class of events 
gives rise to a set of particular ?S*presentations of those events. Then, we 
generalize from these experiences by substituting variables for the aspects 
of the events that seem to vary with situations, leaving constants (particular - 
concepts) in those parts of the representation that are constant across the 
different events in the class. The result is a general schema for a class 
of events. Alternatively, we can take a general schema and apply it to a 
new, particular situation by replacing the variable with constants. We' 
presume that both of these directions, continually take place: general schemata 
are formed through the process of. generalization of particular instances 
particular knowledge"; -is derived from the principles incorporated within the 
general schemata. . 

V 

Note that this is a personal <?chema, one relevant to the conceptualizations 

of one of the authors (DAN) who is horribly ignorant of real farms. This is 

proper: schemata within the memory system of a given persdn reflect (constitute) 

his beliefs and knowledge. A schema may be wholly inaccurate as a description 

of the world, but it corresponds to the inaccuracies and misconceptions of the 

possessor of that schema. Assume that the author of this schema learned about 

i 

farms through nursery rhymes. 
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Footnotes (continued) 

Note that we are not referring to the concept identification tasks that 

have been j^tudied within .the laborator<'. The normal experiments on concept 

formation probably involve very little learning. Probably these tasks have 

been more concerned with problem solving, where the subjeciig are asked to 

discover the rules which w|^ll, properly classify the particular stioMlus set 

under study. - | 

/ - \ 

Note that, there is really very little difference between constrained 
variables and constants. Schemata refer to terms with d i f fering amounts - 
of constraints upon the concepts that can be used in those terms. When the 
constraints are minimal we have a free variable: any concept can be substitut 
ed . Usually, the constrailits specify some reasonable' range of alternative 
concepts that can be used, excluding certain classes and allowing others. 
When the constraints ar^e so restrictive that only a single unique concept 
can be used, then this is the equivalent of having a constant rather than 
a variable. In the normal casfe, schemata take variables that a^re partially 
constrained and thus provide some structure while at the same time represent- 
ing a reasonable degree of generality. 
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